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TECHNICAL FIELD 

The invention pertains to methods of generating information about materials 
present in compositions, and in particular aspects pertains to methods of generating 
information about inclusions, impurities and/or other components present in metal 

particulates present in fluids. 

BACKGROUND ™> THE INVENTION 

There are numerous applications in which it is desirable to obtain information 
ahoutma^rials present inacom^sition. For instance, there are applications in which 
relatively high purity metal is desired, and in which it is accordingly also desired to 
obtaininformationabou. any impurities present inthemetal composition. Anexentplary 
application in which relatively high purity metals can be desired is the formation of 

copper, copper; copper + ftom 1 to 100 ppm silver; and aluminum + 0.5% copper ♦ 0.2% 
silicon. The targets are preferably "high purity", and accordingly are preferably a. least 
99.995% pure relative to the desired constituents therein. A second application in which 
high purity materials are desired is in the formation of solders, which can comprise, for 
example, one or more of lead, tin and silver. 

A difficulty in forming targets, or any other high purity material, is that some 
level ofimpurity is generaUy wimin me material. Tne type and quantity of me impurity 
can determine if me impurity can be tolerated within the material, or if the impurity 
destroys the material for an intended purpose. For instance, it is common for impute _ 
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,„ be induced during fabrication of sputtering targets from high purity metal, Sueh 
impurities can be introduced, for example, during the casting of me metals into a billet. 

A small amount of material sometimes transfers from the containers into the metal, 
tapurities can also be introduced at processing steps other than casting. For instance, 
target materials can contact silicate or other oxides (such as, for example, aluminum 
oxide) during fabrication of sputtering targets, and accordingly various oxides can be 
introduced into the target material. 

Impurity particles (such as, for example, carbon particles and/or oxide particles) 
w can be problematic in sputtering targe, applications. For instance, a particle of impurity 
« result in an arc into target material proximate the particle. Such arc can cause 
displacement of relatively large particles of the material. The large particles can then 
deposit on a substrate wafer to cause so-called splattering on the substrate wafer. The 
splattering can be problematic in mat it forms a less conformal and uniform coating on a 
substrate man does material which has no. been splattered. As microelectronic devices 
become increasingly smaller, there is increasingly less tolerance for splattering. 
The amount of splattering caused by impurities in a target material can be a 

instance, conductive impurities (like carbon) can, in some instances, be less problematic 
a that insulative impurities (like oxides) in that the conductive impurities may be less likely 
to generate arcs. Further, large impurities can be more problematic than small impurities, 
in that large impurities can tend to cause more o, larger splatters man small impurities. 
Finally, numerous impurities tend to be more problematic man less numerous impurities, 
in mat numerous impurities will tend to cause more splattering events man would less 
numerous impurities. 



pOS 



2 



30-5074(4015) 



10 a cast 



Because the problems caused by inclusions and other impurities can «, 
depe»din g on«,e W ,sizeand <1 uanti^ f i m puri«ieswi^ama t eria,,i«isde S i ra b,e to 

ouantitate the impurities within a material by type, size and prevalence. Such 

Cuantifcation occurs after a me«l is cast in«, a billet, and before dre me^. has been 
fabricatedintoatarget. Specifically, if a problematic number, size and/or type of 
impuritiesare found inacastma^al.d.ema.rialcanbe identified asbeinginadeo.ua* 

m,„ me material. Further, if type, quantity and/or size of mrpurities are identified wrthrn 

material, such can provide clues as to the source of the impurities. Acordmgly, 
suchcanenableimprcvementinaprocessof casting target materials to avoid 

size and/or We of impurities in materia* can serve as a quality control test. 

Another exemptoy time when it can be particularly usefcl to quantitate targe, 

andu.ilizedasa^e,.Specifical.y,ifmen^eria.Ufound«operform.ess ta 
adequately asatarg* it would be desirable. o subject tire ma^rial to analysts to 

within the target material. 

For me above-described reasons.it would be desirable to develop methods for 

and prevalence of tie impurities. The described application of determnung 
impmi ,iesre,ativetomeU. materials isbutone of many applications wherein i, is destred 
to identify specific component in particular materials. Accordingly, it wou!d be fcrther 
desirable to develop methods which were applicable to identifying components of no, 
only metal materials, bu> also to materials other than metals. 
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ciiMMARY OF THE INVENTION 



SUMMARY OF ■ "a v 1 

,„ one aspect the invention encompasses a method of generating inta-on 

pre-inacomposiuon.A.agen.isu^^dissoiveatieas.someof.he 

tennvagenr.tobeunders.ood.oencompassoneotbo.hofareae.an.andasolven, 
^ai.^dfi.-Ti-ta-daa-n--). TI-di--»d««I«-W-«««»* 

.heffltering. After the SUering, the sobstmte is scanned »i«h a microscope. Be 
portonofu.emicro^peaiongapanem^epanen.canb.agnd.andcMbeany shape, 

portions a, locations along the partem. Auton^d image pressing generates 



the composition. 

, inmemetaicomposiUon. 1 l 1 e6isso 1 v=dm«a.licpc rt ionsformaso 1 uUonw,m«he 
rcagen, Theimpuri.iescomprisea.le.st.wodifterentwes.wimoneofftea.leas,^ 
tvpesbemgaf^^andtheanomerofmeatUas.twotypesbeingasecondW.The 
soWonisfflUredmroughasu^.A.^s.mcofu.efirstandsecondtypesofO.e 

dipl ^ rf te^-l^«-«^ rfte,, ™ ,ta,,, ' 
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grid pattern. The microscope obtains data about the impurities at locations along the grid 
pattern. The data includes a relative darkness (i.e., a contrast) of the impurities as 
compared to a background defined by the substrate. The first type of impurities are 
darker than the background, and the second type of impurities are lighter than the 
background. The data is processed to generate information about the size, quantity and 
type of the impurities. 

RBTFF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference to the 

10 following accompanying drawings. 

Fig. 1 is a flow chart diagram of a method of the present invention. 
Fig. 2 is a diagrammatic view of a block of material at a preliminary processing 
step of a method of the present invention. 

Fig. 3 is a view of a portion of the Fig. 2 block of material at a processing step 

subsequent to that of Fig. 2. 

Fig. 4 is a diagrammatic, oblique view of a vessel utilized in a processing step 

subsequent to the step of Fig. 3. 

Fig. 5 is a view of the Fig. 4 vessel shown at a processing step subsequent to that 

of Fig. 4. 

20 Fig. 6 is a diagrammatic, cross-sectional view of a filtration apparatus utilized in a 

processing step subsequent to that of Fig. 5. 

Fig. 7 is a diagrammatic top view of a filter shown at a processing step subsequent 

to that of Fig. 6. 

Fig. 8 is a diagrammatic top view of a filter similar to that of Fig. 7, and 
illustrating a grid pattern utilized in accordance with a method of the present invention. 
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Fig. 9 is a diagrammatic, cross-sectional view of a microscope apparatus 
incorporated into a system of the present invention. 

Fig. 10 is a flow chart diagram of a particular processing sequence of the present 

invention. 

ffl[!IJ1I ^™n™nN OF THE PREFERRED EMBODIMENTS 

The invention encompasses methods which can be utilized for generating 
information abon. materials present in various compositions. In particular aspect the 
invention encompasses methods for generating information about inclusions and other , 
,0 impurities present in metallic compositions. A process encompassed by the present 
invention, and which can be utilized for generating information about impurities present 
inmetallic compositions, is described with reference <o a flow char, inFig. 1. Atimtial 
step 1 0 of the Fig. 1 process a sample is cu, and weighed. The sample can comprise, for 
example, aportion of a cast metal billet, o, a portion of a sputtering target. In an 
exemplary process, the sample is cut to form a block having a weight of from about 13 
grams to about 14 gram, The cutting can utilize a rigid blade saw to alleviate smearing 
Angasurfaceofthe block, and also to alleviate particle enttainmen, within a surface of 
ft. block. An exemplary sample block 100 is show, in Fig. 2, and is shown to comprise 
anou^surfacelOZItisnotedthatalutoughblcxklOOisshowrttohavear^gular 

20 slvape^einventionencompassesformingblocklOOtohaveomershapes. Forinstance, 
block 100 can be cylindrical, circular, or a wire (such as, for example, a soldering wue). 
Block 100 will preferably not be a cored sample of a material. I. is found mat cored 

remove. 

If block 100 comprises a metal, it can comprise, for example, one or more of 
aluminum, copper, lead, tin and antimony. In particular applications (such as, for 
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example, when block 100 is from a sputtering target composition or solder), block 100 
can comprise a high purity metal, and thus can consist essentially of one or more of 
aluminum, copper, lead, tin and antimony. Block 100 can further comprise impurities, 
such as, for example, carbon-containing impurities or oxide-containing impurities (such 
as, for example, silicon dioxide or aluminum oxide) dispersed throughout the metal as 
inclusions within metal block 100. Additionally, block 100 can comprise non-metallic 
materials purposefully provided within the metal materials of the block. For instance, if 
block 100 is from a sputtering target composition, such non-metallic materials can 
comprise silicon. 

Referring again to the flow chart of Fig. 1, glassware is cleaned to alleviate 
contamination being transferred from the glassware to analyzed materials at subsequent 
process steps of the present invention. The glassware can encompass vessels, such as, for 
example, beakers, and Erlenmeyer flasks. The glassware can be cleaned by, for example, 
ultrasonic cleaning utilizing Buehler Ultranet Sonic Cleaning Solution™ available from 
Buehler of Lakebluff, 111. The cleaning can comprise, for example, scrubbing of the 
glassware while soaking with the Ultranet Sonic Cleaning Solution™, followed by 
sonication of the glassware for 5-6 minutes, and subsequent rinsing of the glassware with 
0.2 micron filtered deionized water. The glassware is preferably cleaned the same day as 
it is used. 

Referring to step 14 of Fig. 1, an acid is prepared and filtered. If the metal which 
is to be analyzed comprises one or more of aluminum, lead, antimony and silver, the acid 
can comprise one or more of hydrochloric acid, acetic acid, and nitric acid. In particular 
applications of the present invention, the acid can comprise 3 parts hydrochloric acid 
(with the hydrochloric acid initially being from about 36% to about 38%, by weight, with 
water); about 1 part nitric acid (with the nitric acid initially being about 70% by weight 
with water); and about 1 part deionized water. Alternatively, for samples comprising 
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aluminum alloys an acid can comprise 5 parts HCl(wi<h the HC1 initially being 36% to 
38 % HC1 in water): one part nitric acid (with the nitric acid initially being about 70% by 
weigh, with water): and about 5 parts water. In applications in which the analyzed 
sample is pr«lomina.ely copper (such as, for example, if the sample consist essentially 
of copper); the acid can comprise 1 part nitric acid (with the nitric acid initiaUy being 
70% nitric acid in water) and 1 part water. 

The HC1, acetic acid and UNO, are typically twice filtered through a 0.4 micron 
filter before mixing with other components of the above-described acids, and the 

of the present invention is preferably filtered through a 0.2 micron in-line filter). 

A, step 16 of the Fig. 1 process, the samples are preached, and weighed after the 
pre-etch. Tie patching comprises submerging the block 100 of Fig. 2 ina firs, acid to 
remove a firs, outer surface of the block and expose a new (or second) outer surface. The 
pre-etch can remove contaminates associated with an outer surface of the block that 
formed on me surface during or after cutting of me block from a material, and which 
accordingly do no. accurately reflec. a composition within me block. The pre-e<ch is 
preferably done wimin a portion of tire acid from step 14, and can comprise, for example, 
submerging block 100 wimin the acid for .time of from about 5 minutes to about 10 
20 minutes a. room temperature. The pre-etch preferably removes a. least about a fifth of 
the mass of block 100, so ma. the mass of material remaining after me pre-eteh canbe, 
for example, from abou. 9 <o abou. 1 1 gram, Block 100 is shown in Fig. 3 after me pre- 
e tt h,andaccordinglyissh„wn<obesmallerma„itwasinFig.2. Also, the block .00 in 
Fig. 3 has anew outer surface 104 which was exposed upon removal of me first outer 
surface 102 (Fig. 2) by the pre-etch. 
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Ate ftep^AblockJOOisprefmblytemovedftomfte acid, and rinsed in 

and weighed. . 
Refemng..s«ep.8of aie Fig.lp ro eess, te blocU00ofF,g.3i S di S so 1 vedu 1 a 

^ndacid.ofonna.^Mica.edinFig.la.asolu^.Ai.hough.epiSrefe. 
t0 MissoWing-of t heb, O cM.is.obeund £I s.ood««hebven a o„e„co m pa S ses 
OT bod to =n t sin*h,,eas,so m e P onio„sof te b.oc k aredi S persedwiU i „*=ac A 
butin whichasingle phase so.*» is »c fonned iron, the dispel portions. For 

dissoNethe silicon, suehca.be acc„ mP .ishe 0 by«singHFd i ss ol ve t hesi.icon(«he 

suspensions, as well as formation of single phase solutions. 
fcepre-eteh.Inar.exemp.aryemb.dimentoftheinventetesampleblocUOO 

200n U sofHCL(36%to38%by weight- water) ^40 mis ofnimc acid (about 
, 7 0%bywei g h«wid,water)and200mlsof™,er. UeblocklOOofnon-alloyed 

slightly yellowsolutionis formed, wi» no residual metal or bubbling observed, 
ofanalummurn/copperal^ 
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ob se re ed^n*esoWo„.^ S oWon isW .caIlyal#.yeU—P 
aluminum/copper alloy. 

========= =f. 

. ==========^ 

0 a temperaru fe blue . green> wlth 

After dissolution of the copper is complete, the acid 

no residual bubbling. 

T.eacidd— — a.s.eplSdissoWesso^co-ponen.soa 

.1 in cnmiirising an acid 112, and talhcr 
« ,! ^ficallv Fig.4showsavesselll0compnsms« 

20 showsblocklOOsubmetgedwithmtheacd.AhdllKsno 

Li, P^^.eve^l.lOaa^— nof^lOO. 

of the composition of block 100. 
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micron filter (i.e., a filter having p 

.,• • millimeter vacuum filtering assemDiy. 

embodiments, a pore size of the filter non . disso lved portions 

• .t. „k ftp filter while retaining other non-mssoivc P 
p o rt ionsofth e disper S ionthroughthefilter,wh taHa and/or 

• ♦ if1iauidll4comprisesasuspensionofsiliconin 
onthefilter. For instance, if liquid 1 pnded silicon the pore size 

• wimlaies larger than the suspended silicon, u y 



larger particulates on the filter. 

Mexe^aryvaou^nfU^gdeviccnOisshown 



An exemplary « se t>arating 

„ • b« * Device 120 comprises a filter 122 separating 
Uo mn tic a llv/diagrammatically in Fig. 6. Device 
schematicaliy/aiagr fi Filter 122 compnses an 

. ionl24 ofthedevicefromalowerportionl26. Filter 
U pperportionl24ofth p ro vided and attached to a 

™rface 155 andalower surface 157. Aportiza v 

filter 122 into lower chamber 126, win nor. 



an 

upper 
vacuum 
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surfac e,55off*r 1 22a SS oMo„U4pa S s e s te re to ou gl ,I« iS no«edU 1 a.ffl«= re d 

dei o„ te dwatercanbeuffl to d.ori^ m a«erialfto mg lasswa re s orf acesa„do» to .he 

f.Uersota.par.i-eswUchmayhaveten^nedonglasswa.e.urfacesca.be 

transferred to the filter. 

Ref e ntagt.step220fFig.l,teffl««ft0".^ Mis ^ aredf ° rtoher 
analysi.oftopurifes^edd.e^n.Specifically.apparan.nOIFig.Qis 

^ugh.andaUgh.erpenphe^region.Jis— gcen^.egta.SO^ 

teperiph^.^andi.o.hereM^en.sftecen.ral^oncMappeardiffe™. 

ex ample,aporuo»offfl«er ,20 pincr^ b«ween up^r portion ,24 and lower pomon 

1 26ofa S se m blyl20(Fig.6)...isno tt dA».«heinven.io»e„compa S se S o4er 

e.bodimen^no.sho^whereinanenteryofafil.ersurfac.ise.posed.oaf,^ 

solution,*. His footed tat a.*oughte portion ,50 of fflter^ which was 
ex^^MoniHisshow.asac^portion.taiavenUonen—soto 

embodiments (not shown) wherein portion ,50 has a non-circular shape. 

A,,eas,so m eo f «hcnon4isso,v d ma.ena,spresen t inso,„.io„U4a I e reK ined 

o „„ P pe,s«rface,55of ffl «erl22 ; ands«hpa rt iclesareshow.aspartic,es.58a»d 1 60. 
FUter 122 is next prepared for microscopic examination. For instance, if thefita 

glass mi^scope slide with surface ,55 facing upwardly. Subseo.uen.ly, a clear 
microscopeslideisplacedoversurface.SS.andutefaterMide combination is placed* 
^vensetatabou^C for about I hour to the fflter and s.ides. The filter and 
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sM e S a K *=n rem ov e d ft o m theove^d i mm ere iono i nsp»v i dedbe M e=n*ebac 1 c 

of the filter and ft. fros.ed-s.ide (typicaily one drop is provided), and further provided 
between the top ofthe filter and the dear slide (again, typicaliy one drop is provided). 
The slide/filter/immersion oil package isftena.lowed.osandforfromabout2minu.es 

adhesive tape. 

If on rhe other hand, the filter is .0 be analyzed with a seanning electron 

ll4 ™ft.ite i .^»t 1 -b^-^in«f*^ b -» e -*^ 

carbons. Topsurfaee .55 isutenexpcsedtoasputter^ater.andeoated for about!2 
10 seconds. An exempt sputter-coater is the Denton Desk n Spuner Coater™ (avail* 
from Denton Vacuum, Inc™, of Morristown, NJ). 

Referring to steps 24 and 26 of the Fig. 1 process, filter 122 is analyzed by either 
light microscope image analysis or scanning electron microscopy. In particular 
embodiments of fte invention, particles identified by Ugh. microscopy can be picked 
from tie filter and subsidy analyzed by eleclron microscopy. Also, me invent™ 
encompassesembodimen<s wherein wo filers are prepared to analyze a composiuon; 
wiftoneofthefitobeingsubiec^dtolightmicroscopyandmeofterwelectron 

microscopy. 

The microscopic analysis of filter 122 preferably utilizes automate* satmung 
« acrossa..eas,apo n ionofsurfacel55offi te 122. Tie term "automated" is utilized 
nereintorefertoaprc^ess wherein one or more actuators are utilizedto displace filter 

focussmgofmemicroscope.andyortoau.omauctageprocessing. The automatic image 
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Howeve,, it is to be understood tot to invention also encompasses embodiments 
wherein manual metitods are utilized, instead of automated methods, for one or more of 

the above-discussed steps. 

ofaligh.mieroscopebymovingtolensrelativetotoftor.tofilterrelaflvetoto 

las or both the lens and the filter relative to one another. 

Fig 8 illustrates an exemplary grid pattern which cau be utilized in scanting 
across a surface of Alter 122. The grid pattern is labeled ,0 show an order at which 
vacations along to grid are scanned. No.eto.an exemplary scanning process 
emprises displacements) of substtate 122 relative to an observing portionofa 

unitalong an axis'T' perpendicular to the axis «X», and ton horizontal displacements) 
bacxalongtoaxisX.withsuchdisp— along Y and «r being repeated until 
anentiretyoftogridpatternhas been ar.lyzed. in a particular embodiment, filter 122 ,s 
scannedbyalightmicroscope, and adjacent points ofto grid a« separated from one 
anotorby 1.5mm. The microscope has a field ofview of about 400 microns by about 
530 microns (with an exemplary field of view illustrated as 170 in Fig. 8). According.,, 
a, least about 10% of to surface of flow pattern area 1 50 is sampled, which >s 
determined to be a statistically representative sampling of to surface. In other 

fcearnountofsurfacearea 150 which is sampled is in a range of from greater than 0%.o 
,00% Itis preferred to obtain a statistically representative sampling of to ^ area of 
^pattemlSOassuchcanenableaquantitativerelationof information gained fromto 

sampling back to to composition of block 100 (Fig. 2). 

The grid pattern of Fig. 8 comprises a substantially octagonal outer periphery 
whichissuperimposedonasubstantiaily circular outer periphery of to flow pattern. 
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different size than others of the steps. 

■ * ♦ or nfFic 1 data obtained from the microscopic analysis is 
Referring to step 28 ot Mg. i , aaw 

F^isadia^a.ioviewofa^e^OOe^pa^byft.prese,. 

fertll e I co mP Hsesa m o t o I »2 1 0eoup 1 ed- St a g e 2 06a„dc„„ fl ^d t o m ove St a g e 
pl ^ onawM ow(„o tS ho™,,s t a ge 20 6 ,and^ ft o mW e 2 0S isrefl ecWo ff 
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he referred*. "mounting" ofthefiUertothe stage, — comprise clamping or 

otherwise securing the filter to the stage. 

nelightreflectedfromthe surface 0 «er 122^,0^ 204 and to a 
d e,ec«or2n*hisconflgured«ode B c,a»d q uan* tt a„in M gepas S i»gfto» 
mi croscope,o202.De«ee to r2.2ca„co m prise,fore X »ple,achar g ec„up.eddev,ce 

lo ca,edo» fi ,.er.22,a»dde K c.or2,2di g i„ Z essuchda B .A n exen 1 p.ar y processofd 1 = 
prcessing-ab-O.Snticronsperpixd The digitod da. is referred to ar, 

^esize.^shapeand/or^tyofirnpuriuesfr.rntheda.. The informal 

ot ^ tyI ^ 2 .6 h -^^»- < «-* <ta2,, * d, " , 

comprise, for example, a display terminal or a printer. 

ProeessorJlSeanbeacomp^randimageprocessor.andcontro.saseco.d 

processor. SeeondprcessoriMisamotor—.andisshowncon-ng 
m<) ,or2 1 0.M„»r2,0is„«i.i,ed K moves, g e206^,poin.sof U .egridpa t ,emo f 

Fig 8 are aligned with,ens204. Processor 214 control motor 210 as the motor* 
^toatnomaticallydispiacememteraiongthegridpattern. Processor 216 » 

co ^ teU ^.|«P^* to ** ,tadta,, * M " 2a 

T hedataohtainedfromde,ec to ,2.2issub j ee«ed,odigi«alima g eproce S smgby 

^ ta »p^^»»P^^ toMWl,,,,1, "* P,: 

(1) an image is recorded as a dimensional array of pixels, 

„ith each pixel being associated with a magnitude of a measured 

property; 
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(2) the pixels are sorted by their associated magnitudes of the 
measured property to identify pixels of interest (with pixels of 
interest being defined as those having a magnitude of the measured 
property within a specified range or above a specified threshold); 

and 

(3) patterns are identified within the distribution of the pixels 
ofinterestCforinstanccif two or more pixels of interest correspond 
to locations that are physically adjacent to one another in a scanned 
image, the pixels could be patterned together as identifying a 
common particle). 

ThedigM image processiag can fWe, comprise a* f o CU s of a microscope 

^.enhancemen.includmg.forexample.u.i.i.a.ioaof algorithms that enhance 

distinction of feature edges relative to background). 

Alm „ugh.he S ho™embodi I nentco mP n S esamo,or210coupledwiu 1 orayfte 

stage, ri ^-*«0«^-^ to ---» ta " M4 " fat,to 

displacement ofthe filter relative to me microscope comprises movement of *eiens 

either in combination with, or alternatively to, movement of the stage. 

Referring again to Fig. 7, it is noted mat surface 155 can appear gray under the 
horoscope within the region 150 where solution 114 (Fig. 6) has passed through filter 
,22 The gray filter provides a background against which particles 1 58 and 160 are 
observed. It is further noted ma. pardc.es 158 and 160 comprise 2 different types of 

darkerdtanthebackground. Inpractice.it is found ma. particles comprising a htgh 
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high »xid=co».en,( S ucha,for=x»pl=,ox i de S ofa,— or silicon) .end .0 b. Ugh. 
ft o m de.ec.o,2.2.opr W ssor216isana.y B dto distinguish par.ic.es which aredarker 
prccessorlWcansubjccttedatatoabhwy sort routtato separately generate 

^Wo^onabout^andq^ofparticleswhicharehghterthanfe 
h^ground.a^suchparticlesarecataloguedbysi.eandpositionbyproccssorlW. 

particles are catalogued by size and position by processor 216. 

• .a hv th, above-described procedure can be useful in 
Tie information acquired by the aoove uesmuc r 

.ahis^gramsho^gpardclesbyoneor.oreof^sizeandaspec.rau.^.han 
elliptical cross-sectional shapes). Additionally, once particle quantity and size is 

20 volnnreofparticlcspresentinasampWmaterial. Onceu.vo.umeofpardc.es present 

carbon, the con— of carbon in me sampled materia, can be estimated. Further, ,f 
itis assumed that Ugh. paxne.es a«primari.y oxides, me amount of oxygen present as 
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parfcles are prima* carbon and light particles are primarily oxides have been 
experiment verifiedforparticular applications ofthe present invention. 

AUhougn fte invention is described fo, characterization of particles which appear 
^.^tivetomebacxgroundandparticleswhichappeardarKrelativetoure 

^ce^odide.nt^pesofparticlesmay exist which are bom darker relative to the 
background, but which are of different intensities relative to one another. Also, .s 

beams, etc. Further, although the invention is described relative to two particle types, ,. 

^y-scaie is sub-divided into more man two categories, or multiple colors are utthzed 
andcompared. Also, it is, o be undersmod ma. the invention can be used in applications 

utilized to sort amongst the particles. 

,„ addition to encompassing methods wherein a background is colored or shaded 
ao ^enablesortingofparticles.uteinventiona.soencompassesmethcOswhereinoneor 

more partie,sa K che m ica«yo,physica„ymodi fi ed(for example, stained or otherwtse 

example, after the particles are reuined on a filter. In addition ,„, or alterative,, ti,, 
m odif,cationof«hepartic,es,a.igh.sourcec 0 u,dbeal«ered.o modify absorption 
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Additionally.light could be utilized which invoked emission, such as, for example, 
fluorescence, ftom particular chemical constituents of particles. 

Be apparatus of Fig. 9 can utilize a Clemex 640C™ microscope analyzer having 

640C™ artd Vision™ software being available 6om Clemex Technologies, Inc.™ of 

ftom Buehler of Lakebluff, 111). In such application, components 202, 210, 212, 214 and 
2,6a* e„compasscdby« 1 eClemex640C™,NikonEp i pho.™ and Vision™ packages. 

The processor 216 can further include a software package utilized for 
manipulation of processed image data. An exemplary software package is Excel™, 
available from Microsoft™ Corporation, U.S. A. 

The system of Fig. 9 is an exemplary system encompassed by the present 
invention. Othersysfcms encompassed by the present invention can be formed by 
substituting or combining components shown in Fig. 9. For instance, the Ugh. 
microscope202 shown inFig.9can be substituted with an electron microscope, such as, 

uti.izedinsteadoffcelightmicroscope.partcleswouldwicallynotbecaugonzedas 
m and dark relative* a background, but instep could be analyzed by secondary o, 
backseat elections, or wUh x-rays which identified elemental compositions. 

The filter 122 described with reference to Figs. 6 and 7 is described as havmg a 
pore size of 0.4 microns. Such pore size is particularly useful when the filter is 
subsequently subject » light mic^scopy, as it can be mo K difficult to accurauly 

adzing for such particles by Ugh. microscopy. If other forms of microscopy are 
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accurately detected and quantified for size by me omer forms ofmicroscopy, then it can 
can utilize filters and other substrates comprising o, defining pore sizes larger tan 0.4 

from suspensions of smaller particles. 

Fig. 10 is a flow chart description of a particular embodiment of the present 
invention. In the initial step 300 ofFig. lO.amaterial is provided. In step 310, some of 
the material is dissolved in a reagent, while other portions of (he material are left 

10 portionofmema.erialis.tainedonttefiter. In step 3 1 4, a microscope is utilized to 
scan across a surface of the filter to obtain data about the non-dissolved portions. Finally, 
in step 316, the data obtained with a microscope is processed to generate information 
ab„ u .o»eo,moreofmesize,typeand,uanti V offtenon-dissolvedportio» S . THe 

p,c«describedwi m reference^^^ 
utilizing methodology described with reference to Figs. 2-9. 

Although the invention is described above for analyzing solid materials provided 
in block form, it is to be understood that the invention comprises embodiments in 

for analyzing fluids. Specifically, fluids (either gas or liquid) can be passed through a 
20 filter The filter can retain particulates that had been present in the fluids, and the 

can be utilized for analyzing powdered materials. If powdered materials are to be 
analyzed, i, ear, be preferable to dispense with the pre-etclung procedure described with 
reference to Fig. I. Further, although the invention is described as process for studying 

pre-etch prior to analysis), the invention can also be utilized to study surface properties. 
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If surface properties are to be studied, the pre-etch solution can be passed through a filter 
and microscopically analyzed with the pre-etch procedures described above. Further, 
depth profiling of a sample can be accomplished by incrementally etching a sample and 
analyzing the solutions formed during the incremental etching. 

It is to be understood that numerous materials can be analyzed by methodology of 
the present invention, including, for example, materials comprising an organic matrix. In 
particular applications of the present invention, an organic matrix material can be 
dissolved in a reagent which is reactive for the material (such as, for example, an acid), or 
a reagent which is a solvent for the material (such as, for example, an organic solvent). 

In preparing and analyzing samples utilizing methods of the present invention, it 
is preferable to alleviate contamination of the samples by environmental particles. 
Accordingly, solutions are preferably filtered before use, glassware is preferably cleaned 
the day of use and stored upside down, and solutions are preferably kept covered prior to, 
and during analyses. To further alleviate contamination, processes of the present 
invention can be conducted in a so-called "clean room" (i.e., a room in which air-borne 
particulates are filtered from the atmosphere). 

In compliance with the statute, the invention has been described in language more 
or less specific as to structural and methodical features. It is to be understood, however, 
ftat the invention is no« 

means herein disclosed comprise preferred forms of putting the invention into effect. The 
invention is, therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with the doctrine of 
equivalents. 
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